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We studied the electron microscopic fea tures of 7 psoriatic 
patients with at-antitrypsin defi ciency and 14 psoriatic con-
trols . We found a statistically significant difference in fre-
quency of basal keratinocyte herniations (BKH) as well as 
of BKH with abnormal configuration (broad-based BKH, 
herniating through wide gaps in the basal lamina; and mul-
tipolypoid BKH) in the at-antitrypsin defi cient group. T he 
T he. protective fun ction of at-antitrypsin in modulating pro tease activity released during active disease has onl y recently been recognized. at-Antitrypsin, which together w ith a 2-macroglobulin accounts for more th an 90% of the pro tease inhibitory activity in the 
serum [1] , is the result o f 2 codo minant genes inherited at a single 
autosomal locus [2]. O f the 25 electrophoreti ca ll y distinct mo-
lecular variants, onl y the Z, S, and null variants are associated 
w ith lo wered serum levels o f at-antitrypsin [2]. An association 
of psorias is with a number of va riant phenotypes known to be 
associated with lowered serum levels of a t-antitry psin , namely 
Piz [3-5] and PiS [4,5], have been reported. We have also no ted 
the association of these variant phenotypes with bo th severity of 
the psoriati c disease and ea rl y age of onset [5] , supporting findin gs 
by others [6,7] of the occurrence of increased pro teolyti c activity 
in psoriatic lesions. Further support has been provided by the 
observation that some proteolyti c acti vity in psoriatic scale is 
inhibited by a t-antitrypsin [8,9]. While fo llowing the sequence 
of events in the fo rm ation o f pso rias is induced by tape-stripping, 
we noted , on electron microscopy, well-defin ed electron-lucent 
areas within both the epidermis and the dermis [10]. These changes , 
noted as ea rly as 2 min after tape-stripping, were suggestive of 
proteolytic enzyme release [to] . In this paper, we have described 
the electron microscopic changes sugges tive of the presence of 
excess ive uninhibited proteases in the tissues in a number of pso-
riatic patients with associated at-antitrypsin defi ciency. 
PAT IENTS AND METHODS 
Patient Population Seven psoriatic patients, w ith variant phe-
notypes of the at-antitrypsin defi ciency gene loca ted at the Pi 
locus, were studied. The clinical detai ls have been summarized 
in Table 1. Biopsies were taken fro m th e active lesions fo r light 
and electron microscopy. Fourteen patients w ith plaque psoriasis 
and the PiM phenotype, served as controls. All pa tients were 
untreated. 
M anuscript received October 8, 1985; accepted fo r publica tion J anuary 
17, 1986. 
Reprint reques ts to: Madalene C. Y. Heng, M .D ., C hief, Division of 
Dermatology, 111 F, Veterans Administration Medical Center, 16111 
Plummer Street, Sepulveda, California 91343. 
Abbreviation: 
BKH: basal keratinocyte herniation(s) 
differences w ere more marked in the MZ phenotype than 
in the MS/SS phenotypes . These findings may refl ect the 
changes resulting from defective inhibition of proteolytic 
enzyme activity in the psoriatic patients w ith a t-antitrypsin 
deficiency, and support the concept that proteolytic en-
zyme release and activity may play a role in BKH for-
mation . ] In vest D el'mato/ 87:59- 64, 1986 
at-Antitrypsin Studies Serum trypsin inhibitory ca pacity 
(STIC) was measured spectrophotometri cally as described pre-
viously by Lieberm an [11] . Units are presented as ng trypsin 
inhibited by 1 ml serum. a t-Antitrypsin phenotypes were deter-
mined by isoelectric focusing as described previously by Kueppers 
and C hristopherson [12]. M 2 and M3 phenotypes could not be 
distin guished w ith confidence and were reported as the PiM phe-
no type. For the purposes of the stu dy, it was not important to 
distin guish between them as they were no t associated w ith de-
pressed serum levels of a t-anti trypsin. 
Light and Electron Microscopy Four-millimeter punch biop-
sies were taken and divided longitudinally with a sharp scalpel. 
O ne half of each biopsy was fi xed in 10% neutral buffered for-
malin and processed fo r light microscopy. The paraffin sections 
were stained with hematoxylin and eosin . T he other half was 
fi xed in 2.5% glutaraldehyde, bu ffe red to pH 7.3 wi th 0. 1 M 
sodium phosphate, postfixed in osmium tetroxide, trea ted en bloc 
w ith tannic acid , dehydrated in alcohol and propylene oxide, and 
embedded in a mixture of E pon 812 and Araldite 502. Silver 
sections (70- 80 nm thick) were cut on a Sorval M T 2B ultra-
microtome w ith a diamond knife (Dupont) and examined with 
a Philips EM 201 transmission electron microscope. Copper g rids 
(200 mes h) were used . T he sections were initially scanned at a 
magnifi cation of 4500 x and again at 7000 x. All the sections 
were examined by one observer at the time w hen the results of 
th e phenotyping fo r at-antitrypsin were unknown. 
Analysis of Data The frequency of basal keratinocy te hernia-
tions was determined as follows. A series of slightl y overlapping 
electron micrographs was taken for the entire visible portion of 
the basement membrane of each section (1-2 mm in leng th), 
averaging 500-600 J.Lm basement membrane length w hen even-
tu ally measured on a g raphics tablet. These were printed at a 
constant magnifica tion of 17,500 x . The basement membrane 
leng ths were measured on a g raphics tablet connected to an Apple 
II Plus microcomputer. The number of herniations was counted 
as the leng th of basal lamina w as measured w ith the g raphics 
tablet . 
RESULT S 
T he results have been summarized in T able II and in Figs 1-7. 
O n electron microscopy, cytoplas mic processes fro m the basal 
keratinocytes proj ectin g into the dermis through gaps in the basal 
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Table I. C linical Features and STIC Values in Pso riatics with ai-Antitrypsin Deficiency 
Pso riati c Patients 
1 
2 
3 
4 
5 
6 
7 
Age (Sex) 
36 (M) 
62 (M) 
66 (M ) 
68 (M) 
41 (M) 
18 (F) 
60 (M) 
STIC Values 
1. 095 
1.070 
1. 214 
0.903 
1. 073 
1.1 44 
1.084 
STIC = Serum trypsin in hibito ry ca pacity in ng trypsin inhi bited by 1 m l serum . 
Variant 
ai-Antit rypsin Age at O nset of Percent Skin 
Pheno type Psorias is (yca rs) In vo lve ment 
M S 15 100 
M S 17 25 
SS 35 25 
M Z 25 30 
M Z 20 30 
M Z 10 80 
MS 18 85 
Table II. Electron Microscopic Fea tures in Psoriatic Patients with ai - Antitrypsin Defi ciency 
Percent Skin 
Type and Frequency o f BKH/200 JLm BM Length 
Psoriati c Patients STI C Va lues In vo lvement B road Mu ltipolypoid All Types , 
With M Z phenotype (n = 3) 1.04 ± 0.07 46.7 ± 0.8 5.3 ± 0.3 2.6 ± 0.3 18.3 ± 2.3 
With M S or SS phenotype (n = 4) 
With M pheno type (n = 14) 
1.1 2 ± 0.03 58.7 ± 15.4 2.5 ± 0.3 0.8 ± 0 .3 7.8 ± 1. 0 
1. 41 ± 0 .34 10.1 ± 20.8 0.2 ± 0. 1 0 6.7 ± 0.8 
Key : STIC = serum trypsin inhibitory ca pacity in ng trypsin inhibited by 1 1111 se ru m. 
BKH =. basa l kcratinocy te herniations. 
EM = basement I11 c mbr~m c. 
lamina (basal keratinocyte herniations or BKH) were noted in all 
the psoriatic patients studied . However, it was noted that BKH 
were more numerous in the psoriatic patients w ith the M Z variant 
phenotype (18.3 ± 2.3 BKH/200 {tm epidermal length) than in 
Figure 1. E lectron photo microg raph of psoriatic plaque in a pa tient wi th 
PiM phenotype, showing a typical BKH , herniating through a g'ap (betweell 
arrowheads) in the basal lamina. N o te the narrow base. L = di lated lamina 
lucida; K = basal keratinocyte; 0 = dermis. Bar = 1 JLm . 
Figure 2. Electron photomicrog raph of a pso riatic patient with a l-
antitrypsin deficiency (M Z phenotype) , showing a characteristic BKH o f 
"broad" configuration , herniatin g through a w ide defect in the basal 
lamina (betweel! arrow/reads). K = basal ke ratinocyte; 0 = derm is. Bar = 
1 JLm . 
those with the M S or SS phenotype (7.8 ± 1. 0 BKH /200 {tl1l 
epidermal length) , and in those not associated with ai-antitrypsin 
defi ciency (6.7 ± 0,8 BKH/200 {tm epiderma l leng th) . Th is in-
crease in BKH frequ ency was significant for the M Z phenotype 
(p < 0.001), but no t for the MS or SS phenoty pe. 
The morph ology of man y of th e B KH , however, d iffered frol1l 
those observed in the control psoriatic pati ents not associated with 
ai-antitrypsin deficiency (Fig 1). M any BKH were noted to be 
" broad" (Fig 2), and associated wi th large defects (1.5-20 {tm) 
in th e basal lamina, T hese were nU11lerous only in the psoriatic 
patients with th e M Z phenotype (5. 3 ± 0.3 per 200 {t11l epidermal 
length), although th ey were also observed in the psoriatic patients 
with th e MS and SS phenotype (2.5 ± 0,3 per 200 {t11l epidermal 
length) and rarely in psoriatic patients not associated with a l-
antitrypsin deficiency (0,2 ± 0.1 per 200 {t11l epider11l al length). 
Figure 3. Electro n pho to mi crograph of a psoriatic patient w ith ai' 
antitrypsin deficiency (M S phenotype), showin g a multi polypo id broad. 
based BKH (do l/ble arrowh eads) surro unded by electron-lucent areas (ELI 
in the underlying dermis (0) . E = epidermis; LC = Langerbans ceU, 
Bar = 1 JLm. 
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Figure 4. E lect ron photomicrograph of a psoriatic patient with ",,-antitrypsin deficiency (MZ phenotype), showing a large multipolypoid BKH with 
multiple downward polypoid projections (sing le arrowheads) into the dermis. Note the large defect (between d(Jllble arrowheads) in the basal lamina, and 
the fragments of basal lamina (triple al'Yowheads) between the polypoid structures. N ote also the close association of the underlying macrophage (M) to 
the BKH, and the intervening electron-lucent areas (L). E = endothel ial cell. Bar = 1 p.m . 
[n both the MZ and the MS/SS phenotypes the frequency of 
BKH with broad morphology was significan tly (p < 0.0001 and 
p < 0.001, respectively) increased. 
The most striking finding, ho wever, was the presence of mul-
tipolypoid BKH in psoriatic patients with ll'1-antitrypsin defi-
ciency but not observed in the controls. These consisted either 
of multiple (4-8) downward polypoid projections from a broad 
BKH (Fig 3), or of multiple (5-10) BKH strung together in a 
row (Fig 4), often with degenerate fragments of basal lamina in 
between (Fig 4). [n treated patients, regenerated basal lam ina were 
occasionally noted to develop between these multipolypoid BKH 
and the dermis (Fig 5). Again , they were most frequently found 
in psoriatic patients with the MZ phenotype (2.6 ± 0.3 per 200 
J1-m epidermal length), less frequently found in psoriatic patients 
with the MS or SS phenotype (0.8 ± 0.3 per 200 J1-m epidermal 
length), and absent in the normal controls (p < 0.0001). 
The BKH were frequently observed to be associated with either 
Langerhans cells (Fig 6) or dermal macrophages (Fig 4). They 
were noted occasionally to be associated with neutrophils. 
In addition, BKH were frequently observed to be associated 
with large electron-lucent areas in the dermis (Fig 7). The latter 
observation was most prominent in patients with the MZ phe-
notype. 
DISCUSSION 
We have previously observed that BKH were most numerous in 
active psoriatic lesions, less frequently found in healing psoriatic 
plaques, and absent in completely healed and in uninvolved pso-
riatic skin [13]. Our o bservation of increased frequency of BKH 
in psoriatic patients with ll'1-antitrypsin deficiency (MZ pheno-
type) shows that defective production of the anti protease, a ,-
antitrypsin, is associated with the presence of increased numbers 
of BKH, and suggests that proteolytic enzyme release may play 
a role in BKH formation . The Piz phenotype has been found to 
be associated with markedly lower serum ai-antitrypsin levels 
than the Pis phenotype [3], and explains why the changes were 
observed to be more severe in the former group. 
Both the broad BKH and the multi polypoid variety are asso-
ciated with large defects in the basal lamina . Enzymes that are 
capable of digesting va rious components in the basement mem-
brane have been found in neutrophils [14] , macrophages [15], and 
endothelial cells [16]. The multipol ypoid BKH seen in Fig 4 may 
result from a composite of multiple BKH formed due to massive 
digestion of the basal lamina by the enzymes released by the 
underlying dermal macrophage in the absence of adequate inhi-
bition by ai -antitrypsin. The large electron-lucent areas under-
lying BKH (Fig 7) in patients with the MZ phenotype may rep-
resent areas of edema resulting from proteolytic autodigestion . 
Support for these concepts is provided by in vitro studies by 
Sugrue and Hay [17]. [n cultures of corneal epithelia, these in-
vestigators observed that the addition of a trypsin-collagenase 
mixture to their cultures produced basal "blebs" that resemble 
the BKH observed in psoriatic biopsies. However, the addition 
of the products of protease digestion (i.e., laminin, fibronectin, 
and collagen type 1) to their cultures, caused the disappearance 
of these blebs within a matter of hou rs, indicating that proteolytic 
enzy mes were directly responsible for the formation of the basal 
blebs. 
The large electron-lucent spaces underlying the BKH (Fig 7) 
in our psoriatic patients with the MZ phenotype, further support 
the concept of uninhibited proteolytic enzyme activity ;l\1d au-
todigestion and its effect on BKH formation in psoriatic patients 
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Figure 5. Electron micrograph of a psoriatic patient with aI-antitrypsin deficiency (MS phenotype) showing a multi polypoid BKH in the process of 
healing, with regeneration of the basal lam ina (double arrowheads). The downward polypoid projections are marked by single arrowheads. E = epidermis, 
D = dermis. Bar = I p.m. 
Figure 6. Electron photomicrograph from a psoriatic patient w ith MZ 
phenotype, showing BKH with several polypoid protrusions, one on 
ei ther side of a Langerhans cell (LC) in the process of crossing the base-
ment membrane. The gap in the lam ina densa is indicated by the space 
between 2 arrowheads. E = epidermis; Bar = 1 p.m . 
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Figure 7. Electron photomicrograph from a psoriatic patient with MZ phenotype, showing 2 BKH herniating through gaps in the basa l lamina 
(be/weet! arrowheads), assocIated wIth large electron-lucent areas (EL) 10 the underlying dermis. N ote the close proximity of the macrophage (M) and 
the endothelial cell (C). Bar = 1 /-Lm. 
with at-antitrypsin deficiency. The frequent observation of the 
association of macrophages (Figs 4, 7) and Langerhans cells (Figs 
3, 6) with BKH, suggests that these cellular types may playa role 
in BKH formation, perhaps by releasing proteolytic enzymes. 
Thus, our observations of altered BKH morpho logy (broad-
ened andlor multi polypoid BKH) and increased BKH frequency 
(Table II) in psoriatic patients with associated ai-antitrypsin de-
ficiency, particularly in those with the MZ phenotype, demon-
strate the effect of defective proteolytic enzyme inhibition on 
BKH formation in psoriatic individuals . These findings strongly 
support the concept that proteolytic enzyme release into dermal 
tissues has a direct influence on BKH formation in psoriasis. 
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